Clonal variation in the number of female and male strobili was studied for three consecutive years (2002)(2003)(2004) in a clonal black pine seed orchard in Turkey. The data showed large differences in female and male fertility among clones in the three years. The correlation between female and male strobilus production was negative and statistically significant in 2004, a good-flowering year.
Introduction
Black pine (Pinus nigra Arnold. subsp. pallasiana (Lamb.) Holmboe) is among the most important native Pinus species and occupies about 3.3 million ha (16 %) of forest area in Turkey (ANONYMOUS, 2001a) . It was identified as a priority species in the "National Tree Breeding and Seed Production Program" (KOSKI and ANTOLA, 1994) and the "National Plan for In-situ Conservation of Plant Genetic Diversity" (KAYA et al., 1997) . Silviculturally, it is considered one of the most important species and is extensively used in reforestation programs throughout the country. This investigation concentrated on the special race of black pine called "Camiyani", which is located in the Karabuk-Yenice region. It has a well-known valuable wood with a large ratio of core wood. Accordingly, demand has been high for wood of this race in this and other regions where it is found, and this has threatened the biological integrity of forest ecosystems. Therefore, existing genetic resources of this race have been protected by the General Directorate of Forest as a "Gene Conservation Area" whose seed orchard was established in Bart›n, Turkey. Seed orchards are important seed sources for reforestation and have been demonstrated to be robust and to act as viable and reliable sources for the production of genetically improved seed for reforestation programs (EL-KASSABY, 2000; KANG, 2001 ).
Maximal reproductive phenology synchronization and output equality, along with minimal inbreeding and pollen contamination are important first conditions for seed orchards to reach their expected theoretical genetic gain and diversity potential (KANG, 2001) . Seed orchard investigations have focused on strobili production by clones (EL-KASSABY and ASKEW, 1991; HARJU, 1995) . Large clonal differences in female and male fertility have been reported in seed orchards (KJAER, 1996; KANG and LINDGREN, 1998; NIKKANEN and RUOTSALAINEN, 2000; BILIR et al., 2002) . Large genetic diversity in seed orchard crops can only be attained when all parents contribute similar amounts to the gamete pool. This assumption is virtually never fulfilled, and it is commonly observed that a small portion of orchard parents contributes a disproportionately large amount to the orchard crop (EL-KASSABY et al., 1989; EL-KASSABY and Cook, 1994) . This unequal contribution leads to an accumulation of genetic relatedness and the loss of genetic diversity in seed crops (KANG, 2001) . Genetic parameters such as genetic relatedness, inbreeding, and genetic diversity should be calculated to monitor and determine the genetic diversity of seed crops (BILIR et al., 2002) .
The aim of this study was to determine overall variation in clone fertility based on observed strobilus production (good and poor years), to evaluate the parental balance and maleness index for 3 years, and to monitor the genetic diversity of seed crop in a black pine seed orchard. These tasks include estimating status number (Ns), relative status number (Nr), and sexual asymmetry (As). Another aim was to identify the implications of flowering variation for orchard management. Therefore, the objective of this study was to provide genetic information to establish a new black pine seed orchard in Turkey.
Materials and Methods

Descriptions of seed orchard and data collection
The work reported here was carried out in the 11.3 ha seed orchard of Bartın (latitude 40°6'N, longitude 32°15'E, altitude 100 m) located in the northern part of Turkey. sively selected plus trees in the natural forest of Karabuk-Yenice. Grafts were two years old at the time of establishment and were planted at spacing 8 x 8 m. (ANONYMOUS, 2001b) .
The numbers of female and male strobili were counted from nine ramets chosen randomly from per clone in three consecutive years (2002, 2003 and 2004) . Strobili of the sampled ramets were counted individually over the whole crown.
Parental balance and the maleness index
Parental balance of seed orchard crops is commonly summarized by cone-yield curves (GRIFFIN, 1982) . In this method the seed orchard clones are ranked from high to low yield and cumulative percentage calculations are plotted against the number of the clones (CHAISURISRI and EL-KASSABY, 1993 ).
The maleness index (M i ) is defined as the proportion of a clone's reproductive success that is transmitted through its pollen (KANG, 2000) . Maleness index based on strobilus production was estimated (CHOI et al., 2004) as follows;
Where m i and f i are the number of male and female strobili of the i th clones.
Fertility variation and status number
Fertility variation measured by the coefficient of variation (CV) and sibling coefficient (Ψ).
The coefficient of variation, namely the standard deviation divided by mean as follows:
Where s is the standard deviation, M is the mean, N is the number or the clones and P i is the fertility (female or male) of clone i.
The sibling coefficients for female (Ψ f ) and male (Ψ m ) were calculated as follows: -c] where N is the census number, CV f and CV m are the coefficients of variation in female and male strobilus production among clones.
Status numbers were calculated based on the fertility variation of female and male parents (LINDGREN et al., 1996) , respectively as follows:
where N s (f) and N s(m) are the status numbers of female and male, respectively.
Status number (N s ) on the total fertility was calculated as follow formula informed by KANG (2001); [4] where r is the correlation coefficient between female and male strobilus production.
Relative status number and group coancestry
Relative status number on total fertility was calculated as the ratio of status number (N s ) over census number (N) as follows;
[5]
Status number (N s ) was defined as half the inverse of group coancestry (LINDGREN et al., 1996) as follows;
[6]
Gene diversity and sexual asymmetry
Expected gene diversity of seed crops (GD) from firstgeneration seed orchards can be measured relative to the group coancestry of a reference population. GD is a function of group coancestry (LACY, 1995) and inversely proportional to the status number (KANG, 2001 ) as follows;
[7]
The sexual asymmetry (A s ) was estimated (KANG and MULLIN, 2007) as follows; [8] where Ns (f) , Ns (m) and Ns (c) are the status numbers of female, male and clone, respectively and Na is the arithmetic mean of the measures (Ns (f) and Ns (m) ).
Results and Discussion
Strobilus production
A large difference was observed between female and male strobili production among clones and years in the black pine seed orchard ( Table 1) . Most studies have shown that differences in variation between female and male strobili production in others pine species is large (i.e. Aleppo pine, Calabrian pine, Japanese red pine and Scots pine (MATZIRIS, 1997; KESKIN, 1999; KANG, 2000; NIKKANEN and RUOTSALAINEN, 2000; BILIR et al., 2004) .
Developing a forecast for the effects of tree breeding and conservation operations requires information on variation in fertility (KANG et al., 2003) . Fertility variaErtekin·Silvae Genetica (2010) 59-4, 145-150 DOI:10.1515/sg-2010-0017 edited by Thünen Institute of Forest Genetics tion among clones provides information about genetic diversity in a seed orchard. In this study, fertility variation was described by the coefficient of variation (CV). As shown in Table 1 , the CV for female flowering was lower than the CV for male flowering. KANG et al. (2003) found that fertility differences were slightly larger for males than for females and suggested that a CV of 100 % would be typical in good-or moderate-flowering years for a mature seed orchard. In the present study, the CV of female flowering was 40.4, 52.3, and 53.2 % for the three years; therefore, clonal variation for female flowering was lower. This situation is desirable, and clones in this orchard contributed to female flower production. However, the CVs for male flowering were 61.1, 87.2, and 93.7, respectively, and were lowest in the poorest-flowering year (2002). This does not agree with the results of a study of Chamaecyparis obtusa (KANG and MULLIN, 2007) . In that study, fertility variation was lowest in the best-flowering year. In contrast, flowering abundance had a positive impact on CV in the present study, and the highest CV was obtained during the bestflowering year (2004) . While male flowering increased, clonal variation also increased, and fewer clones produced a large proportion of all male flowers, so genetic diversity decreased. Therefore, supplemental mass pollination, thinning, or pruning is suggested as an orchard management strategy. Specifically, thinning eliminates clones with low flowering ability (VARGHESE et al., 2000) , and pruning maintains a short wide crown, encourages lateral branch growth, and increases flowering (HO and SCHOOLEY, 1995) . Furthermore, better-flowering grafts are favoured as complements to seed orchard management, whereas inferior-flowering grafts are culled when orchards are thinned. NIKKANEN and VELLING (1987) identified correlations between female and male flowering on the same trees aged 12-15 years. This situation was observed as the orchard age has reached 14 years in the present study. A negative and significant (p ≤ 0.01) correlation was found between female and male flowering ( Table 1) . Although positive correlations between female and male flowering have been reported in Pinus taeda (SCHMIDTLING, 1983) , P. nigra (BILIR et al., 2002) , and Picea abies (KJ?R, 1996), negative correlations between female and male flowering were found in Pinus elliottii (SCHULTZ, 1971) , P. sylvestris (SAVOLAINEN et al., 1993) , and P. contorta (HANNERZ et al., 2001) , as in the present study. The negative correlation between female and male flowering tends to make reproduction more equal among genotypes and reduce total fertility variation (KANG and EL-KASSABY, 2002) . Moreover, this negative relationship could be an important consideration in seed orchard management; some of the best pollen sources may be eliminated if the parents are subjected to intense roguing (DANBURY, 1971; O'REILLY et al., 1982; SCHMIDTLING, 1983) . This, in turn, would narrow the genetic base and perhaps reduce the contribution of some of the better genotypes (KANG, 2001) .
Parental balance and maleness index
Parental balance curves for seed orchard crops explain high and low strobili producers; therefore, the maternal and paternal genetic contributions are represented by curves. In this study, the curves presented in Figure 1 represent cumulative gamete contributions. A cumulative contribution curve has often been used to quantify fertility variation in forest populations (GRIFFIN, 1982; EL-KASSABY and REYNOLDS, 1990; ADAMS and KUNZE, 1996) . In Figure 1 , the cumulative percentage calculations were plotted against the total number of clones.
The parental balance curves varied between flowerings and years and did not improve with age. The observed curves for female and male flowering deviated largely from the ideal situation, and the orchard's clones contributed equally to the gamete pool. Therefore, certain clones may consistently produce high or low flowering due to their genetic tendencies. One-third of the clones (10 clones) in the orchard produced 49 % of the total female flowers and 62 % of the total male flowers in the three years. Furthermore, the parental balance curve in 2002, a poor-flowering year, was closer to the ideal than was that in other years. The near-ideal situation was not observed in the best-flowering year (2004) . This result was similar to the report by KANG (2000) and BILIR et al. (2002) but was not in agreement with those by CHAISURISRI and EL-KASSABY (1993) or ADAMS and KUNZE (1996) . In the present study, a negative relationship was found between ramet age and improvement in parental balance, suggesting supplemental mass pollination.
The maleness index was defined as sexual asymmetry of the clones for 3 years and is presented in Figure 2 as the cumulative gamete contribution.
Most studies have shown a 0.8 to 0.2 maleness index (BURCZYK and CHALUPKA, 1997; KANG, 2000) . A maleness value near 0.5 indicates that female and male fertilities are nearly equal. In this study, the maleness value (0.74) in 2002 was closest to an equal situation. A high maleness value in a clone indicates that the clone is con- Table 1 . -Averages and coefficients of variation (CV) for female and male strobilus production in the seed orchard calculated for 3 years. r, phenotypic correlation coefficient between female and male fertility. ** statistically significant at the 0.01 level (df = 28).
Ertekin·Silvae Genetica (2010) 59-4, 145-150 DOI:10.1515/sg-2010-0017 edited by Thünen Institute of Forest Genetics tributing more paternally than maternally (CHOI et al., 2004) . As shown in Figure 2 , the highest maleness index was 0.92, whereas 0.1 was the lowest in the best-flowering year (2004) . Consequently, a high maleness index during the best-flowering year may reflect an increased probability of selfing, because few clones produced most of the male flowers in the orchard. Therefore, sexually asymmetric contributions reduce the proportion of homozygotes in an orchard from that expected under the Hardy-Weinberg equilibrium and potentially mask the effects of inbreeding (KANG, 2000) . Thus, management activities, such as supplemental mass pollination, cultural or hormonal treatments, or aborting some ramets from high producing clones, should be considered in the orchard.
Fertility variation, status number, and relative status number
Fertility variation, status number, and relative status number for female and male strobili during the observed years are shown in Table 2 .
Fertility variation was estimated by the sibling coefficient (ψ) because ψ relates to orchard crops, and KANG (2001) indicated that ψ may potentially provide genetic information for describing orchard crop genetic diversity that is closer to the seed crop than is CV. In this study, fertility variation (ψ f & ψ m ) varied among years and between genders within years. Female fertility variation (ψ f ) was lower than was male fertility variation (ψ m ) in the 3 years. This result was similar to that reported by PRESCHER et al. (2007) . Fertility variation for the poorflowering year (2002) was close to one (ψ f = 1.16 & ψ m = 1.37), implying that orchard clones were expected to make near-equal contributions to the seed crop, as stated by KANG and MULLIN (2007) . Generally, fertility variation tends to be small, and the effective number large in good-flowering years (MATZIRIS, 1993; NIKKANEN and RUOTSALAINEN, 2000) . However, in this study, the production of strobili and the fertility variation were highest during the best-flowering year (2004) ( Table 2 ). Status number and relative status number of female parents were higher than those of male parents during the 3 years. Relative status number for male strobili in 2004 was much lower than in other years, suggesting supplemental mass pollination. Status numbers of female and male strobili have slowly decreased from year to year in this orchard, but because the status numbers for flowering and the number of years were larger than 10, the depletion of genetic diversity in the following generation due to genetic drift and fertility variation would be small, as reported by KANG (2001) . Consequently, small numbers of clones produce most of the flowering or seed in the orchard, which results in a loss of genetic diversity. KANG et al. (2005) stated that a loss in genetic diversity was expected due to the accumulation of relatedness or fertility variation. Reduction in genetic diversity in seed crops will affect the level of diversity in seedlings and, subsequently, of the plantations.
Sexual asymmetry and genetic diversity
The degree of sexual asymmetry (As) between female and male strobili for the 3 years is presented in Table 3 . The degree of sexual asymmetry varied from 0.10 in the poor-flowering year (2002) Seed orchards in Turkey have been established with about 30 clones originating from plus trees from a single seed stand, and consequently, the genetic base may be quite narrow. However, first-generation seed orchards are established with a large number of clones, so genetic diversity should be maintained in plantations. The present study identified some problems in this orchard, such as variation in clone flowering contributions, panmictic disequilibrium, and parental unbalance. Variation in fertility can be compensated for by intentionally adjusting the numbers of ramets to manage the orchard. Equal seed harvest or mixing of seeds from consecutive years has been suggested, as mixing seed crops reduce fertility variation. Until studies based on the determined genetic value of clones in Turkish seed orchards are complete, the first-generation seed orchards, which provide a large portion of the seed production, must be protected and maintained. Table 3 . -Group coancestry (Θ), status number (Ns), relative status number (Nr), sexual asymmetry (As), and genetic diversity (GD) for the gametic gene pool in the seed orchard.
The degree of sexual asymmetry was variable depending on years and may be affected by climatic conditions. DANUSEVICIUS (2002) reported that sexual asymmetry is more highly expressed during years of weak seed yield, but in the present study, the weak-flowering year (2002) had a lower sexual asymmetry value. The degree of sexual asymmetry in this study was similar to that reported in Pinus koreiensis (CHOI et al., 2004) . KANG and MULLIN (2007) stated that sexual asymmetry theoretically ranges from zero to one (i.e., 0 ≤ As ≤ 1), and that an As value of zero indicates perfect sexual symmetry. In the present study, sexual symmetry during 2002 year was close to perfect, and relative status number and genetic diversity (GD) were their highest value. The expected genetic diversity of seed crops from first-generation seed orchards can be measured relative to the group coancestry of a reference population (KANG, 2001) . The relative genetic diversity values, calculated for 3 years, were high in this seed orchard. KANG and LIND-GREN (1998) reported that relative genetic diversity (compared to reference populations) was quite high in first-generation seed orchards.
